1. Introduction {#sec1}
===============

Foreign body (FB) aspiration is a potentially life-threatening event in children with a peak incidence between 1 and 3 years old \[[@bib1], [@bib2], [@bib3], [@bib4]\]. In the pediatric population, the most commonly aspirated items include food items, hardware, and toys \[[@bib4], [@bib5]\]. While the presentation of most aspirated FBs in children includes a history of an aspiration or possible aspiration event, some FB aspirations are unwitnessed. One study reported a witnessed choking episode in 75% of pediatric patients referred for bronchoscopy for suspected FB aspiration \[[@bib6]\]. Regardless of the item aspirated, removal is key to treatment but can be very challenging. In this report, we describe the clinical presentation of aspirated barium from an unknown source. This case was uniquely challenging in its presentation. Our patient was outside of the age of peak incidence and did not have a witnessed episode concerning for aspiration. In part due to the delayed presentation and unknown characterization of the aspirated material, various techniques had to be devised by an interdisciplinary team, including the pediatric otolaryngology and pulmonary teams, to facilitate its removal over multiple operative trips and the child's recovery. This case was exempt from the Institutional Review Board review since this is a report of a single patient without any identifiable information.

2. Case Presentation {#sec2}
====================

An otherwise healthy 5-year-old male presented to the emergency department (ED) with 1 day of acute onset left-sided chest pain. He had initially presented to a local urgent care clinic, where a chest x-ray demonstrated a radiopaque lesion in the left lower lobe bronchus, concerning for an aspirated FB ([Figure A.1](#fig1){ref-type="fig"} ). Therefore, he was referred to the pediatric ED, where the pediatric otolaryngology team was consulted. The child described the chest pain as intermittent, worse with inspiration, worse at night, and associated with a nonproductive cough. He also had a history of intermittent fever, clear rhinorrhea, and anorexia for the past 4 days. His neurologic status was completely normal. There was no history of a witnessed cough/choke episode, and the child and his family denied symptoms of noisy breathing, difficulty breathing, apnea, snoring, voice changes, or impaired swallow at any point. He had undergone dental work approximately 4 months prior, but parents denied any other procedural or surgical history. The only remarkable finding on examination in the ED was mildly diminished left lower lobe lung sounds. Given the concern for an airway FB, the patient was taken for emergent rigid laryngoscopy and bronchoscopy.Figure A.1Chest x-ray images initially demonstrating radiopaque foreign body in left inferior lobar bronchus.Figure A.1

Intraoperative evaluation with a 4.0 rigid ventilating bronchoscope demonstrated a metallic-appearing FB in the left inferior lobar bronchus ([Figure A.2](#fig2){ref-type="fig"} ) with surrounding granulation tissue and distal purulent drainage. The trachea, right mainstem bronchus, right upper takeoff, left bronchus upper divisions were unremarkable. The FB was initially attempted to be extracted with optical forceps. Re-examination demonstrated significant granulation tissue at the site of the extracted FB, erosion of the left inferior lobar bronchial wall, and bloody purulent drainage distally. Small metallic flecks of the FB material were visualized along the tract but unable to be extracted with instrumentation. An intraoperative chest x-ray was performed, which demonstrated significant residual FB. Given the findings, the pediatric pulmonology team was consulted intraoperatively. Flexible bronchoscopy with lavage was performed, and evidence of an abscess with purulent drainage was identified distal to the granulation tissue. Following this, the otolaryngology team performed repeat rigid bronchoscopy with further saline lavages and suctioning of small pieces of a foreign body as well as purulent material. The FB was found to be metallic, black, oxidized, carbonaceous, and particularly friable. No further foreign body amenable to extraction was visualized. Samples were sent for culture and Metals/Metalloids Acute Poisoning Panel analysis. The patient was administered a dose of intravenous piperacillin-tazobactam and dexamethasone intraoperatively and admitted for further management.Figure A.2Metallic-appearing foreign body in left inferior lobar bronchus visualized on rigid bronchoscopy prior to manipulation or extraction.Figure A.2

Because of the metallic nature of the aspirated substance ([Figure A.3](#fig3){ref-type="fig"} ), computed tomography (CT) of the chest was selected over magnetic resonance imaging (MRI) as the follow-up imaging of choice. Chest CT performed the day after initial removal demonstrated residual foreign body in the left lower lobe bronchus measuring 1.95 centimeters (cm) in the longest dimension and abscesses distal to the obstruction ([Figure A.4](#fig4){ref-type="fig"} ). The largest discrete abscess cavity measured 1.8 x 1.1 cm. Repeat operative evaluation was performed the next day to extract further retained FB. As the material was known to be radiopaque and metallic, numerous methods were used to attempt extraction. Different sizes of Fogarty catheters were passed distal to the intraoperatively visualized foreign body pieces, inflated, and withdrawn with the balloon inflated. Endoscopic baskets were passed distal to the foreign body to attempt removal ([Figure A.5](#fig5){ref-type="fig"} ). A range of endoscopic forceps for airway surgery were attempted to grasp the foreign body pieces for removal. A nasal bridle magnet was secured to optical forceps to attempt securing and removing the metallic foreign body pieces. Ultimately, the foreign body was extracted in pieces using optical peanut-grasping forceps with repeated irrigations over a series of twenty to thirty passes of the rigid endoscope due to the material's friability.Figure A.3The metallic foreign body obtained from operative bronchoscopy responding to a magnet placed beside specimen cup.Figure A.3Figure A.4Computer tomography (CT) chest imaging performed following initial operative procedure demonstrating residual foreign body, lung parenchyma damage, and post-obstructive abscess.Figure A.4Figure A.5Residual carbonaceous metallic-appearing foreign body in left inferior lobar bronchus attempting to be extracted with use of endoscopic basket.Figure A.5

Then, the pediatric pulmonology team passed a flexible bronchoscope through the rigid bronchoscope and visualized some small residual foreign body debris not amenable to continued extraction attempts ([Figure A.6](#fig6){ref-type="fig"}, [Figure A.7](#fig7){ref-type="fig"} ). A peripherally inserted central catheter (PICC) was also placed intraoperatively for anticipated prolonged intravenous antibiotic regimen.Figure A.6Residual carbonaceous metallic-appearing foreign body in left inferior lobar bronchus following extraction and lavages visualized with flexible bronchoscopy.Figure A.6Figure A.7Residual carbonaceous metallic-appearing foreign body in left inferior lobar bronchus following extraction and lavages visualized with flexible bronchoscopy.Figure A.7

Following the procedure, the patient remained admitted for continuous positive airway pressure until tolerating room air, intravenous steroids, scheduled albuterol and chest physiotherapy, and piperacillin-tazobactam for broad spectrum coverage of the pneumonia. A follow-up chest CT was obtained three days later, which demonstrated near complete removal of the foreign body, improvement in the left lower lobe pulmonary abscess cavity and consolidation, and residual dilation of the left lower lobe segmental bronchus ([Figure A.8](#fig8){ref-type="fig"} ). Culture from initial operative evaluation grew *Haemophilus influenza.* The pediatric infectious disease team was consulted for intravenous antibiotic selection and management, and the patient was discharged seven days after admission with a prolonged course of piperacillin-tazobactam through his PICC line and plans to follow-up as an outpatient with the pediatric infectious disease, pulmonary, and otolaryngology teams.Figure A.8CT chest obtained three days after second operative event demonstrating near complete removal of the foreign body, abscess cavity and consolidation improvement, and residual dilation of the left lower lobe segmental bronchus.Figure A.8

During the coming weeks, the COVID-19 pandemic escalated, somewhat complicating follow-up. As such, the patient's planned follow-ups were performed via telemedicine as able. Six days prior to scheduled follow-up for potential PICC line removal, he presented to the ED for accidental dislodgement of the PICC line. Therefore, the line was removed, and he was instructed to complete two additional weeks of amoxicillin-clavulanic acid therapy. In the interim, the Associated Regional and University Pathologists, Inc. Metals/Metalloids Acute Poisoning Panel resulted, identifying the foreign body as being made of barium. Neither the patient nor his parents were able to identify a potential source of barium. Most recent follow-up occurred about 4 months after initial presentation. At that visit, the patient was doing very well without any respiratory symptoms. Repeat chest CT at that time did not show any residual foreign body or abscesses, but it did demonstrate some residual bronchiectasis. This raised concern that he may be at increased risk for developing bacterial pneumonia or bronchitis in the future. Therefore, it was recommended that the patient be evaluated in a prompt manner with a low threshold to start antibiotics if he developed fever or respiratory symptoms in the future. In addition, it was recommended that the patient be encouraged to be physically active to promote airway clearance with a plan to start regular airway clearance therapy, such as chest physiotherapy or high-frequency chest wall oscillation, if he developed pneumonia again.

3. Discussion {#sec3}
=============

Foreign body aspiration is a potentially life-threatening occurrence. Children under the age of 3 years old comprise 80% of aspiration events \[[@bib7]\]. We report a unique case of unwitnessed aspirated barium, unknown at time of attempted extractions, in an older child and describe its challenging, but successful, removal and treatment. To our knowledge, this is the first report of an unwitnessed barium FB aspiration. Our patient only had undergone a dental procedure prior to presentation, and dental instruments and implants are not reported to have barium content. Therefore, our patient's source and date of barium exposure remains unknown.

Barium is a highly toxic earth metal that occurs as a divalent cation associated with other elements in nature. Depending on which elements are associated, it has variable levels of water solubility \[[@bib8]\]. Barium can be toxic in a state of higher water/acidic solubility, but it is benign when insoluble. Therefore, the highly insoluble barium sulfate is safely and widely used in medical imaging \[[@bib9], [@bib10], [@bib11], [@bib12]\].

Electronic database review of current literature resulted in few articles describing pediatric barium aspiration. Jackson *et al* identified significant aspiration of liquid barium sulfate during a diagnostic barium esophagram with minor resultant clinical consequences, despite identifying a large tracheo-esophageal cleft \[[@bib13]\]. The consequences of aspiration vary by patient age, comorbidities, concentration and volume aspirated, and if gastric contents were also aspirated \[[@bib14], [@bib15], [@bib16]\]. Significant aspirations are often clinically symptomatic at the time of aspiration, unlike our patient, who did not demonstrate acute symptoms or signs of aspiration. Other case reports, mainly in adults, describe barium aspiration with clinically significant outcomes; however, it is difficult to differentiate the effect of aspirated barium from that of aspirated gastric content \[[@bib17], [@bib18]\]. Once aspirated, barium particles are either removed via cough or mucociliary clearance, and remaining particles accumulate in the alveolar space \[[@bib19]\]. Yan *et. al* describes large quantity barium sulphate aspiration leading to severe complications due to the compromise of the lungs' endurance capacity. These complications can include dyspnea, hypoxemia, acute respiratory distress syndrome, respiratory failure, and even death with high quantities of barium aspiration. In addition, deposition of barium sulphate into the lungs can lead to structural complications, including bronchial granuloma, pneumonia, and pulmonary fibrosis \[[@bib20]\]. Currently, there is no consensus in the literature on management of barium aspiration nor the long-term effects on the lungs. Certain occupations, such as mining, ceramics, and metalworking, are at highest risk for accidental barium ingestion. Other commercially available materials containing barium include shaving powder, fireworks, and rodenticide \[[@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26]\]. This case demonstrates that aspirated solid barium has the potential to lead to bronchiectasis, even if it is successfully removed. Overall, barium exposure is rare outside of the medical setting.

Even in the setting of an unknown foreign body, various maneuvers can be utilized intraoperatively to extract the foreign body utilizing the available knowledge regarding its composition. Imaging demonstrated a radiopaque foreign body and initial intraoperative evaluation revealed it to be metallic in nature. Further investigation postoperatively also revealed the foreign body to have magnetic properties. Therefore, we attempted extraction with a magnet on return to the operating theater. We also utilized extraction methods from other specialties, including Urologic baskets and Fogarty embolectomy catheters. The extraction was further complicated by the friable nature of the foreign body, which prompted use of lavage as well. Resourcefulness and perseverance were important in extracting the unknown, friable substance. Also, even previously unreported materials, including earth metals like barium, should remain on the differential for foreign body material. Our multidisciplinary approach to this patient's treatment provided more methods for evaluation, extraction, and management of complications over a prolonged period. Our case required expertise from various disciplines for management of the foreign body itself, post-obstructive infection, lung parenchymal scarring, and respiratory compromise. While successful removal of a foreign body that has been present in the airway for an unknown period of time is critical for treatment, it is also important to consider initiating broad-spectrum antibiotics, consider repeating chest imaging after foreign body removal, and follow closely for possible sequelae, such as bronchiectasis.

4. Conclusion {#sec4}
=============

We present the diagnostic approach and treatment of the rare occurrence involving a barium foreign body aspiration in a pediatric patient without preceding medical imaging, occupational exposure, or other known source. In this case, the high level of suspicion, the use of multiple removal techniques, and joint efforts of multiple specialties resulted in an overall good outcome for our patient. This case further demonstrates the importance of long-term follow-up of patients who have had a routine foreign body, even after successful removal.
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